Introduction
Recent years have seen growing interest in the chemistry of carbohydrate-porphyrins owing to their special properties. [1] [2] [3] [4] A number of carbohydrate-porphyrin compounds were synthesized as promising candidates for application to photodynamic therapy (PDT) against tumors owing to their specific interaction with biomembranes. [5] [6] [7] Metallic complexes of these compounds were reported as active catalysts for alkene epoxidation with asymmetric induction, [8] [9] [10] [11] as well as alkane oxidation. 12, 13 The specific structures of carbohydrate-porphyrin compounds show that they might serve as useful ionophores in analytical chemistry for molecular recognition. This paper describes the synthesis and preliminary application of these compounds as electro-active materials for ion-sensitive electrodes.
The search for, or synthesis of, new carriers with antiHofmeister selectivity patterns has been the focus of the research of electro-chemical sensors. Among anti-Hofmeister materials, metalloporphyrins have attracted a great deal of interest owing to the diversity of their structures and interaction between the central metal and the analyte anions. [14] [15] [16] [17] [18] Few metalloporphyrin-based SCN -sensitive electrodes were also reported. 19, 20 However, the selectivity of these electrodes was rather limited. This paper reports on the use of several metalloporphyrins as electroactive materials for preparing SCN -sensitive electrodes. Due to its special structure, the MnT (oglu) PPCl-based electrode shows better selectivity toward SCN -than that of MnTPPCl, which in turn is better than those electrodes reported in the literature. The electrode was applied to the determination of SCN -in human urine samples.
Experimental

Reagents
All of the chemicals used were of analytical reagent grade. Twice-distilled water was used throughout all experiments. Before used, dichloromethane and benzaldehyde were subjected to simple distillation from K2CO3. Pyrrole was distilled at atmospheric pressure from CaH2.
High-molecular-weight poly(vinyl chloride) (PVC), dioctyl phthalate (DOP), dibutyl phthalate (DBP), and dioctyl sebacate (DOS) were purchased from Shanghai Chemicals (Shanghai, China) and used as received. o-Nitrophenyl octyl ether (o-NPOE) was prepared according to a reported method. 21 MnTPPCl was prepared according to a documented procedure 22 and checked by elementary analysis, UV-VIS and IR spectroscopy.
Synthesis of T(o-glu)PPH2
Following a known procedure, 12 4.5 g of freshly synthesized o- (2,3,4,6-tetraacetyl-β-D-glycosylphenyl) benzaldehyde, 0.7 g of freshly distilled pyrrole and 0.5 mL of BF3·Et2O were dissolved in 800 mL of CH2Cl2 to form a reaction mixture, and stirred under a nitrogen atmosphere at room temperature for 24 h. After the addition of 1.7 g of dichlorodicyanobenzoquinone, the mixture was refluxed for a further 2 h, and then 10 g of silica was added and the solvent evaporated. The residue retained on silica was purified by column chromatography (silica, CH2Cl2/acetone 7:1). After removing the solvent, In this paper, the synthesis of a novel ionophore, chloro [5,10,15,20- 
Synthesis of MnT(o-glu)PPCl
A solution of 200 mg of T(o-glu)PPH2 in 50 mL of DMF was stirred under refluxing with 1.0 g of MnCl2·H2O for 6 h. TLC (silica gel, CH2Cl2) showed a complete disappearance of the starting material and UV-VIS spectroscopy showed the absence of a nonmetallized porphyrin ring. After evaporation of the solvent in a vacuum, column chromatography afforded 170 mg (79%) of MnT(o-glu)PPCl. UV-VIS (CH2Cl2): λmax: 399, 426, 510, 575, 654 nm.
Apparatus
PVC membrane electrodes were prepared according to a procedure of Craggs et al. 23 The optimized membrane composition consists of 2% active materials, 66% solvent mediator and 32% PVC. The electrodes were conditioned in an aqueous solution of 0.1 mol L -1 NaSCN for 12 h. Potentiometric and pH measurements were carried out on a Model PHS-3E digital ion analyzer (Jiangshu Instruments, Jiangshu). The cell assemblies were of the following type:
Hg-HgCl2, KCl (satd.)| sample solution | membrane | 0.01 mol L -1 KCl | Ag-AgCl A standard solution of SCN -was obtained by serial dilution of a 0.1 mol L -1 NaSCN solution and buffered with 0.01 mol L -1 of KH2PO4-Na2HPO4, the pH of which was adjusted with an H3PO4 or NaOH solution. IR spectra were recorded on a Perkin-Elmer Model 783 IR spectrophotometer and UV-VIS spectra on a Lambda 17 Perkin-Elmer spectrophotometer. A Perkin-Elmer 2400 elementary analyzer was used for elementary analysis.
Results and Discussion
The effect of sensing materials Several electrodes were prepared using different porphyrins, including MnT(o-glu)PPCl, MnTPPCl, FePPCl and CuTPP, with o-NPOE as a solvent mediator to study the effect of sensing materials. The results are given in Table 1 .
From Table 1 Table 2 ). The effect of substitution on the benzene rings is distinct: the glucopyranosyl group bound at the benzene rings of MnT(o-glu)PPCl formed a hollow cube which might act as a molecular-recognition host for SCN -, on one hand (see Fig. 1 ); on the other hand, it might cause a steric hindrance for SCN -to approach the porphyrin. These results cause the MnT(o-glu)PPCl-based electrode to display similar response characteristics, but better selectivity (see Table 2 ) compared to that of MnTPPCl. All further studies were carried out on the MnT(o-glu)PPCl based electrode.
The effect of plasticizers
Electrodes with different plasticizers, i.e. DOP, DBP, DOS and o-NPOE, were prepared using MnT(o-glu)PPCl as the active membrane component. The response characteristics of these electrodes are given in Table 3 . The electrode with o-NPOE as the solvent mediator obviously has a better response for SCN -compared to the others. In an electrode preparation experiment we observed an obviously greater solubility of MnT(o-glu)PPCl in o-NPOE compared to other solvents, which is favorable for the response performance. Figure 2 shows the response curve of an electrode with an optimum membrane composition of [MnT(o-glu)PPCl:o-NPOE:PVC = 2:66:32]. The working concentration range covers from 3.4 × 10 -7 to 1.0 × 10 -1 mol L -1 SCN -in a KH2PO4-Na2HPO4-buffered solution (pH = 5.2) with a slope of 57.5 ± 2.0 mV per decade of activity. The response time (t90%) for an SCN -concentration ≥ 1.0 × 10 -4 mol L -1 is as fast as 10 s; with a concentration lower than 1.0 × 10 -4 mol L -1 , it is less than 20 s. It seems that the response involves a rapid reversible anion-exchange process at the solution/membrane interface. The standard deviations of the electrode potential and slope over a period of 12 h for 20 measurements in 1.0 × 10 -3 mol L -1 SCN -were found, respectively, to be 1.5 mV and 1.2 mV. The electrode was dipped alternatively into stirred solutions of 1.0 × 10 -3 mol L -1 and 1.0 × 10 -4 mol L -1 SCN -over a period of 4 h for repeated measurements, which show standard deviations of the potential readings in these two solutions as 2.2 mV and 1.4 mV, respectively. There is no noticeable hysteresis of the electrode response. The electrodes were stored in a 0.1 mol L -1 SCN -solution when not in use. The electrodes worked well and no detectable change in the value of the slope, the working concentration range or the response time was found after they had been used for six months, which implies that the glycosylated metalloporphyrins used are stable in a membrane contacting with water.
Response characteristics of the electrode
Selectivity
The common coexisting cations did not cause any observable influence on the determination of SCN -. The selectivity coefficients, log K pot SCN,i , for a number of mono-valent anions were determined by a separate solution method according to an IUPAC recommendation. 25 The results presented in Table 2 reveal that the electrode based on MnT(o-glu)PPCl was fairly selective to SCN -over other anions. It exhibited the antiHofmeister selectivity sequence of anions in the following order:
, which is different from that of the MnTPPCl electrode, as well as electrodes reported in a reference. 20 This selectivity pattern is thought to be caused by the cooperation of the aforementioned steric hindrance as well as the different coordinating capability of anions with the central metal of MnT(o-glu)PPCl.
Effect of the pH
The effect of the pH on the response characteristics of the MnT(o-glu)PPCl-based electrode is shown in Fig. 3 experiments, such a buffer solution was selected.
Preliminary Analytical Application
The electrode was applied to the determination of SCN -ion in human urine samples. The obtained results were compared with those obtained by the colorimetric method, 26 as shown in Table  4 . The concentration of SCN -, as determined by the electrode method, was in good agreement with that obtained by the conventional method. The MnT (o-glu) PPCl-based electrode seems to be useful for the determination of SCN -in actual samples. An obvious advantage of this method is the rather simple sample-preparation procedure for potentiometry with an electrode that requires just a ten-fold dilution of the sample with an appropriate buffer solution.
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